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1374Objective: The study objective was to report the long-term results of pulmonary artery rehabilitation in patients
with pulmonary atresia, ventricular septal defect, hypoplastic pulmonary arteries, and major aortopulmonary
collaterals.
Methods: Since 1991, 20 patients with profound pulmonary artery hypoplasia (mean Nakata index 26  14
mm2/m2) have undergone a medico-surgical strategy of native pulmonary artery rehabilitation to achieve com-
plete repair with satisfactory hemodynamics (right ventricle to aortic pressure ratio<0.8).
Results: The first step, right ventricle to pulmonary artery connection, was performed at a median age of 4.1
(0.1–18.7) months with 1 operative death. After a median duration of 4.3 (1.1–26) months, the second step of
interventional catheterizations followed (median, 2 (1–7)/patient), consisting of 36 pulmonary angioplasties,
11 stent implantations, and 20 collateral occlusions. Significant pulmonary artery growth was obtained in all
cases with a Nakata index of 208  85 mm2/m2 before surgical correction (P<.001). The third step of surgical
repair was performed at a median age of 1.9 (0.6–10.7) years, with right ventricular outflow reconstruction and
ventricular septal defect closure fenestrated in 3 cases. During a mean follow-up of 8.2  4.5 years, pulmonary
artery rehabilitation was pursued in most patients, with 47 pulmonary angioplasties, 15 stent implantations, and
11 collateral occlusions. Three patients with a poor hemodynamic result died. At last visit, the 16 survivors are in
New York Heart Association class I (n ¼ 12) or II (n ¼ 4) with satisfactory hemodynamics in 13 cases.
Conclusions: Pulmonary artery rehabilitation allows complete repair in the majority of patients with pulmonary
atresia, ventricular septal defect, hypoplastic pulmonary arteries, and major aortopulmonary collaterals. How-
ever, long-term management often requires pursuit of the rehabilitation process. (J Thorac Cardiovasc Surg
2011;142:1374-80)Pulmonary atresia with ventricular septal defect (VSD),
diminutive but confluent pulmonary arteries (PAs), and
major aortopulmonary collateral arteries (MAPCAs) is
a rare and complex lesion with great morphologic variabil-
ity regarding the pulmonary blood flow. This is entirely
dependent on MAPCA number, size, course, origin, distri-
bution, and connections with native PAs.1 MAPCAs most
often arise from the descending aorta, and in most cases,
duplicate pulmonary blood flow can be identified from
collaterals and central PAs even if collateral wash-in/
wash-out flow is difficult to interpret from a distribution
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The Journal of Thoracic and Cardiovascular SurThere are 2 major strategies to approach these patients.
One is characterized by using MAPCAs for unifocalization
in 1 or 2 steps toward surgical repair.1,3-5 However, the
histopathologic structure of MAPCAs predisposes them to
multilevel stenosis and thrombosis. Consequently, patients
often experience poor hemodynamic result after repair.5,6
The other strategy is focused on the rehabilitation of native
PAswith an initial ascending aorta to PA connection7 or right
ventricle (RV) to PA connection to promote native PA
growth.8 Once the antegrade flow is established, there is an
easier approach for interventional PA dilation to relieve ste-
nosis and to further promotegrowth. It also allows subsequent
occlusionof collaterals that are redundant.WhenPAdevelop-
ment is judged adequate, surgical repair is performed.
However, reports on such a strategy of native PA rehabil-
itation are scarce, and its long-term results with clinical and
hemodynamic evaluation remains unknown.8-10 Moreover,
previous reports that demonstrated the feasibility of such
strategy did not provide the precise timing and description
of different steps.
To achieve these goals, we retrospectively reviewed our
institutional experience with pulmonary atresia, VSD,
hypoplastic ‘‘seagull’’ PAs, and MAPCAs.gery c December 2011
Abbreviations and Acronyms
MAPCA ¼ major aortopulmonary collateral
artery
PA ¼ pulmonary artery
RV ¼ right ventricle
VSD ¼ ventricular septal defect
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DMATERIALS AND METHODS
This is a retrospective, monocentric study. Since 1991, we identified 20
patients with pulmonary atresia, VSD, hypoplastic ‘‘seagull’’ PAs (Nakata
index<90 mm2/m2), and MAPCAs (Figure 1). We excluded patients with
duct-dependent pulmonary circulation and patients with discontinuous
PAs. Patients with hypoplastic PAs, MAPCAs, and a ductus arteriosus-
like collateral were included if no prostaglandin E1 infusion was needed.
Descriptions of 10 and 17 of the 20 patients were published in 2 preliminary
descriptive studies.9,10 The study protocol was reviewed and approved by
the local institutional ethic committee.Multistage Pulmonary Artery Rehabilitation
Strategy
All patients with this anatomy referred to our institution during the study
period underwent this PA rehabilitation strategy that was first described at
Children’s Hospital, Boston.8 We further developed the 3 steps with a clear
timing definition:
1. RV-PA connection is performed as early as possible, usually in the first 6
months of life, to favor antegrade flow and potentially to promote angio-
genesis.8
2. Starting 3 to 5 months after RV-PA connection, catheter interventions
are performed to address PA stenosis or hypoplasia and to occlude
MAPCAs in all areas of dual pulmonary blood supply, with the goal
to favor antegrade perfusion and development of distal PAs. MAPCAs
as the only source of blood supply for pulmonary segments or lobes
are maintained.
3. Patients are considered suitable for surgical repair according to the fol-
lowing criteria: clinical signs of left-to-right shunting or a transcutane-
ous oxygen saturation of 80% or more; native PAs have to reach an
acceptable growth (Nakata index  90 mm2/m2); and all significant re-
dundant MAPCAs are closed. In rare cases with a proximal connection
between MAPCAs and native PAs, transcatheter occlusion may com-
promise native PAs. Such MAPCAs are surgically closed at the time
of repair.
A complete repair with VSD closure, PA reconstruction, and valved RV-
PA conduit is accomplished.
The hemodynamic result is considered acceptable if RV to aortic
pressure ratio is less than 0.8, with distal mean PA pressure less than 25
mm Hg.8
Patient Characteristics
Demographic and morphologic data are presented in Table 1.
Native Nakata index
The Nakata index was calculated using the following formula: right PA
cross-sectional area in millimeters squaredþleft PA cross-sectional area in
millimeters squared/body surface area in meters squared. The PAs were
measured before branching, and the result was expressed in millimeters
squared/meters squared (branch PA area indexed to body surface area).11
The collateral arteries were not included in the equation.The Journal of Thoracic and CarCardiac Catheterization
Initial diagnostic evaluation. A complete description of the pul-
monary vasculature was performed in all patients, paying particular atten-
tion to identify allMAPCAs and to obtain an angiogram of the ‘‘seagull.’’ If
the native PA was not visualized through the collaterals, a wedge pulmo-
nary vein angiogram was performed.
Interventional Procedures (Step 2)
Interventional catheterizations were performed in each patient under
general anesthesia. The major issues addressed were stenosis/hypoplasia
of native PAs, obstruction of RV-PA connection, or residual MAPCAs.
The hemodynamic evaluation included measurements of distal PA pres-
sure in different segments, RV to aorta pressure ratio, and pressure gradi-
ents in the pulmonary tree. The criterion for balloon dilation was the
presence of significant angiographic stenosis. The only exception was re-
sidual proximal native PA stenosis when the patient’s Nakata index was
satisfactory enough to allow surgical repair, because such stenosis would
be surgically repaired during the third step. Balloon angioplasty was al-
ways attempted with high-pressure balloons, followed by stent implanta-
tion in case of estimated poor result. Since 2003, cutting balloons were
used in stenotic vessels resistant to high-pressure balloon angioplasty.12
Success for balloon dilation and stenting based on Rothman and col-
leagues’12 criteria was an increase in vessel diameter greater than
50%; the 2 other criteria from Rothman and colleagues (>20% increase
in flow to the dilated lung, 20% decrease in RV/systemic pressure ratio)
were not applicable in the setting of multiple peripheral PA stenosis, un-
restrictive intracardiac, and extracardiac shunts.13 MAPCA occlusion was
performed, paying particular attention to position coils as proximal as
possible to avoid native PA occlusion (Figure 1). Our aim was to relieve
as much of the stenosis as possible, especially for the distal branches us-
ing high-pressure balloons and cutting balloons for the intrahilar arteries.
Procedures were repeated until PA growth was considered satisfactory to
allow surgical repair.Surgical Approaches
Step 1: Right ventricle-pulmonary artery connection.
Patients were operated via a median sternotomy with the use of normother-
mic cardiopulmonary bypass on a beating heart, as already described.9,10
After controlling the right and left PAs with gentle occlusion by rubber
loops, the main PA was incised longitudinally, and an augmentation
small oval patch of autologous pericardium prepared with glutaraldehyde
was sutured to the edges of arteriotomy. The incision was than extended
to the RV epicardium, and the patch was sewn to the edges of this
incision. Finally, the RV infundibulum was opened, and the patch
insertion was completed (Figure 2), making sure the opening in the RV
was sufficient by resection of hypertrophied muscle and spreading this
opening with scissors. During this part of the procedure, prevention of
air embolism was achieved using a small suction catheter in the ascending
aorta, just proximal to a partial crossclamping (bubble trap) and by avoid-
ing entering the pump sucker in the RV cavity. Alternatively, an initial cen-
tral shunt between the ascending aorta and the PA was performed in 3
patients.
Step 3: Surgical repair. This consisted of a redo-sternotomy and
complete repair under cardiopulmonary bypass. A reconstruction of the
pulmonary bifurcation and branches (as far as surgically possible) was per-
formed after aortic transection. The PA bifurcation and branches (usually
intrahilar) were reconstructed using homograft patches in the majority of
patients. When necessary for branch PA reconstruction, the proximal de-
ployed stents were cut or removed. In some cases, the distal PA plasty
was performed during short periods of hypothermic circulatory arrest for
better visualization. For the RV-PA continuity, a cryopreserved homograft
conduit was used in most patients and a monovalved patch was used in
some patients. The patch VSD closure using Dacron material wasdiovascular Surgery c Volume 142, Number 6 1375
FIGURE 1. Initial angiogram through a right-sidedMAPCA in an 11-month-old infant showing hypoplasia (Nakata index at 34 mm2/m2) of native PA (A),
with pulmonary arterial blood flow mainly dependent on the MAPCAs in the aortogram (B). Twelve months after right-ventricle to PA surgical connection
and 3 months after the last transcatheter rehabilitation with left PA stenting, the native PA bed achieved appropriate growth with a Nakata index of 187 mm2/
m2(C), and all the MAPCAs have been occluded proximally (D), allowing subsequent surgical repair.
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Dcompleted by transatrial or transventricular approach, with elective fenes-
tration if necessary. At the atrial level, a small foramen ovale was left open
or created. At the completion of cardiopulmonary bypass, pressures were
recorded, and if the RV/left ventricle pressure ratio was less than 1, the cor-
rection was considered satisfactory, and the VSD was left closed.
Statistical Analysis
Group statistics are expressed as mean  standard deviation or median
(minimum-maximum) when appropriate. Wilcoxon paired test was used to
compare the Nakata index of the native PAs before and after second-step
rehabilitation. To identify the risk factors for right ventricular failure and
death, we used Fischer exact tests for categoric variables and Mann–Whit-
ney tests for ordinal or continuous variables. The following variables as risk
factors for post-repair death and poor hemodynamic result were analyzed:
sex, 22q11 microdeletion, initial Nakata index, number of MAPCA, age at
RV-PA connection, type of RV-PA connection, oxygen saturation after RV-TABLE 1. Demographic data and morphologic features at
presentation
Characteristics
Male/female 12/8
Microdeletion 22q11 7
Mean Nakata index  SD 26  14 mm2/m2
Mean O2 saturation  SD 76%  5%
No. of MAPCAs per patient 4 (2–6)
Right aortic arch 7
Lusoria (right subclavian artery) 1
Left superior vena cava 3
Additional VSD 1
O2 saturation, transcutaneous oxygen saturation; SD, standard deviation.
1376 The Journal of Thoracic and Cardiovascular SurPA connection, total interventional catheterizations, fenestrated VSD
patch, and unifocalization. The statistical analysis was performed using
SPSS version 15.0 for Windows (SPSS Inc, Chicago, Ill).RESULTS
Step 1
RV-PA connection was performed at a mean age and
weight of 5.7  4.3 months and 5.6  2.1 kg, respectively.FIGURE 2. RV to PA connection using pericardial patch, through median
sternotomy as the first step of the rehabilitation strategy. Ao,Aorta; PA, pul-
monary artery; RV, right ventricle.
gery c December 2011
TABLE 2. Clinical and hemodynamic data at surgical repair (step 3)
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DThis was followed by a mean improvement in transcutane-
ous oxygen saturation of 11%  5%. One patient who
underwent emergency surgery at 2 days of life died
immediately after RV-PA connection with severe cyanosis.
Three patients had an initial central shunt between the as-
cending aorta and the PA; in 2 cases, this was performed
in another hospital, the patients being addressed afterward.
All of them presented with severe cyanosis and underwent
a second surgery of RV-PA connection because the PAs re-
mained diminutive with an autologous-treated pericardial
patch in 2 patients and a small homograft in 1 patient. Be-
cause of rapid stenosis of the homograft in the latter case,
reoperation was performed 2 months later with autologous
pericardial patch augmentation.
Step 2
After a mean interval of 5.8  4.5 months after RV-PA
connection, all patients underwent a first interventional car-
diac catheterization. A median of 2 (1–7) interventional
catheterizations per patient was performed during this sec-
ond step. Interventional procedures consisted of 36 balloon
angioplasties with 11 stent placements and 20 MAPCA oc-
clusions (Figure 1). In 2 patients, balloon dilation of the RV-
PA connection was performed because of severe stenosis.
One patient had a stent placed on the proximal left PA
that extended retrogradely to the RV-PA connection. Al-
though transcatheter access to the right PA was potentially
compromised because of the stent position, there was no
further indication to balloon dilate or stent the right PA.
The Nakata index of the native PAs increased signifi-
cantly to 209  85 mm2/m2 (P < .001) as shown in
Figure 3. There were no deaths.FIGURE 3. Nakata index increase of native PAs during rehabilitation pro-
cess. The initial Nakata index was 26 14 mm2/m2, increased at 208 85
mm2/m2 after the second step of transcatheter rehabilitation and before
surgical repair, with a further increase up to 330  89 mm2/m2 at the last
catheterization.
The Journal of Thoracic and CarStep 3
At a mean age of 2.4  2.3 years, surgical repair was
performed in 19 patients. Their clinical, hemodynamic,
and angiographic data are presented in Table 2. Fifteen pa-
tients had clinical evidence of left-to-right shunting and
satisfactory criteria for PA growth, as defined in ‘‘Mate-
rials and Methods.’’ In 4 patients with a satisfactory Na-
kata index but profound cyanosis (numbers 2, 4, 12, and
16; Table 2), surgical repair was performed because pul-
monary blood flow was mainly limited by proximal native
PA stenosis that could be surgically addressed. A valved
conduit was used for the reconstruction of the RV outflow
tract in 15 cases (11 pulmonary homografts, 3 aortic ho-
mografts, and 1 Contegra tube). Four patients had a mono-
valved patch. Unilateral unifocalization of MAPCAs
supplying pulmonary segments without native PA branch-
ing was performed in 4 patients. Four MAPCAs with
a proximal connection with native PAs could not be closed
percutaneously during the second step and were surgically
ligated. In 3 patients, the VSD patch was electively fenes-
trated with a 4-mm hole, and in 1 patient an additional
small muscular VSD was left open. The 3 patients who
preoperatively had distal pulmonary arterial hypertension
(mean PAP  25 mm Hg) in the setting of left-to-right
shunting did not experience postoperative pulmonary hy-
pertension crisis. No patient died during the postoperative
period.Patient
no.
Weight
(kg)
Age
(y)
O2
saturation*
(%) CHF mPAP
Nakata
(mm2/m2)
1 10 2.6 85 20 240
2 11.7 3.7 78 15 97
3 8 1.5 85 þ 32 450
4 13.2 3.2 77 14 110
5 11 2.5 83 19 230
6 8 0.9 80 10 180
7 15 4.1 86 12 225
8 6.8 0.9 83 22 275
9 6 0.5 90 21 100
10 14 3.4 98 10 110
11 6.4 0.7 95 þ 15 95
12 10.3 2.3 75 17 90
13 28 10.7 94 þ 34 310
14 9.3 2.1 85 þ 17 500
15 9.6 1.3 91 22 163
16 9 1.6 74 11 160
17 7.8 0.6 84 35 200
18 7.5 0.9 86 16 250
19 10 2.3 85 þ 9 187
O2 saturation, Transcutaneous oxygen saturation; CHF, congestive heart failure;
mPAP, mean distal pulmonary artery pressure. *Transcutaneous oxygen saturation.
diovascular Surgery c Volume 142, Number 6 1377
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The mean follow-up after surgical correction was 8.2 
4.5 years. Three patients died 0.3, 0.4, and 11.8 years after
surgical repair in a clinical setting of RV failure. The first
patient presented with severe respiratory distress and fever
4 months after discharge. The abdomen was distended with
large hepatomegaly. He experienced cardiac arrest in the
emergency department and could not be resuscitated. The
second patient died during an interventional catheterization
with PA stenting 5 months after correction, in the setting of
acute RV failure and arrhythmia with extensive thrombosis
of the caval system. The third patient had a rupture of
follow-up for 10 years and died 11.8 years after repair as
a result of severe RV dysfunction despite surgical reinter-
vention for RV-PA conduit replacement. RV wall biopsy
during surgery showed almost complete fibrosis and scarce
cardiomyocytes.
Because of significant branch PA stenosis or elevated RV
pressure in the setting of multiple peripheral pulmonary ste-
nosis, most of the patients benefited from further interven-
tions (catheterizations or surgery) during follow-up, as
a continuum of the rehabilitation process. Until the last
follow-up, a median of 3 (0–7) transcatheter interventions
per patient were performed, consisting of 52 balloon angio-
plasties with 17 stent placements and 12 residual collateral
occlusions. Three patients underwent reoperation with RV-
PA conduit replacement and PA enlargement at 2.2, 5.6, and
11.8 years after correction. Subsequent significant PA
growth (P<.001) was obtained with a mean Nakata index
of 330  89 mm2/m2 at last transcatheter evaluation
(Figure 3), when the median RV to aortic pressure ratio
was 0.58 (0.35–1). Two of the survivors had a poor hemo-
dynamic result (ratio> 0.8) with obstructive pulmonary
vascular disease.
In univariate analysis there was no significant risk factor
for postsurgical repair death or poor hemodynamic result.
At last follow-up, all patients were in good clinical condi-
tion, 14 patients were in New York Heart Association class
0/I, and 2 patients were in New York Heart Association
class II. Median oxygen saturation was 96% (88%–
100%) with 3 patients having a trivial, nonsignificant left
to right residual shunt at the ventricular level.DISCUSSION
The management of patients with pulmonary atresia,
VSD, diminutive PA, and MAPCA represents a challenge
with several reported strategies.1,3-10,14,15 Unifocalization
of MAPCAs and native PAs grants surgical correction in
the majority of cases, with good postoperative survival,
but no long-term results have been published.3,14,15 There
are reports suggesting that unifocalized MAPCAs show
a high incidence of occlusion and no growth,5,6 which is
concordant with our experience of poor evolution of1378 The Journal of Thoracic and Cardiovascular Surunifocalized collaterals. Central end-to-side aortopulmo-
nary shunt also promotes native PA growth, but in a recent
report by Mumtaz and colleagues7 only 60% of the patients
achieved a complete repair. One of the inconveniences of
this strategy is that transcatheter PA dilatation is more dif-
ficult in these patients, requiring a retrograde approach
through the aorta.
The concept of PA rehabilitation has emerged in the mid-
1980s with the pioneering work of the Boston group.8 One
of the main premises was to consider that providing ante-
grade flow to the native PAs promotes growth of these ar-
teries but also allows a better evaluation of their effective
distribution to different pulmonary segments, because
dual perfusion is present in most of the cases. This is en-
hanced by a more recent pathologic study that demonstrates
that the majority of shunted patients with deeply cyanotic
congenital heart disease present severe intrinsic pulmonary
arteriopathy with decreased PA growth potential.16 Also, on
the basis of our experience, this group of patients with hy-
poplastic but confluent PAs have a complete or almost com-
plete distribution to lung segments with seldom the need for
segmental unifocalization at the time of surgical repair.
Even if results of the Boston group were promising with
successful repair in a large percentage of patients and better
outcome than the other strategies, the overall mortality rate
was still high, and there were several issues that remained
unsolved. By reporting the initial experience with a rela-
tively small number of patients, there was no clear stage
definition and no optimum timing for each stage.8 In the
present study, we describe a precise staged approach with
early RV-PA connection, ideally within the first 6 months
of life, followed by catheter interventions to address PA ste-
nosis or hypoplasia and collateral occlusion. Because
balloon angioplasty at a recent surgical suture line is ex-
pected to increase the risk for PA rupture,17 we usually
wait 2 months after RV-PA connection. Moreover, this al-
lows the patient to grow and achieve a point where catheter
interventions can be performed with lower risk. After this
time period, native PA stenosis angioplasties and concomi-
tant MAPCAs occlusions are rapidly performed because we
speculate that the development of native PA stenosis is due
to the opposing flows through the RVOTandMAPCAs, pro-
ducing watershed areas in the native PAs. The surgical cor-
rection is performed once the PA development is considered
satisfactory, usually within 1 year after RV-PA connection.
The rehabilitation of native PAs has come to a complete
anatomic correction and long-time survival in 80% of pa-
tients. We emphasize the importance of the process of reha-
bilitation as a continuum, because further interventions
were necessary during follow-up in the majority of our pa-
tients to maintain satisfactory hemodynamics and PA
growths.
The process of rehabilitation allows the development of
native PA with a 10-fold increase of Nakata index beforegery c December 2011
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Dsurgical correction. As previously reported,8,9 PA growth
was considered satisfactory if the Nakata index exceeded
150 mm2/m2, which was the case in the majority of our
study patients. Patients with a Nakata index between 90
and 150 mm2/m2 were still suitable for surgical repair
but may represent a higher risk group, although
successful repair was also obtained in 3 patients with
a Nakata index less than 100 mm2/m2, with wide
patching of the pulmonary bifurcation and proximal
branches in 2 and an electively fenestrated VSD patch in
1. Two other patients with residual distal PA stenosis
also had an elective fenestrated VSD to protect the
postoperative RV from suprasystemic pressures. Such
strategy is supported by a recent study of Marshall and
colleagues18 showing that elective use of fenestrated patch
for VSD closure in selected patients with diminutive PA
and VSD improves survival with a low incidence of signif-
icant left to right shunt. Conversely, another study reports
that the need to reopen the VSD in the operating room be-
cause of unfavorable hemodynamics is predictive of both
early and late mortality.19 All this suggests that in high-
risk patients with profoundly diminutive native PAs or
multiple and severe distal stenosis, it is better to perform
elective VSD fenestration than to consider it on an emer-
gency basis during or after bypass weaning in the setting
of unfavorable hemodynamics. All our 3 patients with fen-
estrated VSD survived, with a poor hemodynamic result in
2 of them with severe residual peripheral PA stenosis and
more favorable hemodynamics with a nonsignificant left
to right shunt in one.
We and others have observed that patients with pulmonary
atresia-VSD experience markedly abnormal development in
the proximal and distal pulmonary vascular bed with multi-
ple distortion and stenosis.8,9,16 Thus, interventional
catheterization with balloon dilatation  stenting of PAs is
virtually indicated in all the cases. This allows a good
hemodynamic result to be preserved in the majority of
them. Moreover, successful balloon angioplasty of residual
PA stenosis has been shown to improve exercise capacity
(peak oxygen consumption and gas exchange) by
improving pulmonary blood flow distribution and reducing
ventilation/perfusion mismatch.20 All this supports the ne-
cessity to relieve as early as possible residual obstruction.
The use of stents even in small children is efficient. Redi-
lation of previously implanted stents is feasible and suc-
cessful in case of previous elective underexpansion,
obstructive neointimal proliferation, and growth that re-
sulted in relative stenosis.21 Finally, development of pul-
monary vascular disease in this group of patients is
variable and probably diminishes with aggressive manage-
ment, allowing surgical repair early in life. Still, peripheral
stenosis not addressed invasively may favor other seg-
ments’ exposure to high pressures and further development
of vascular disease.The Journal of Thoracic and CarStudy Limitations
This study has the inherent limitations of its retrospective
nature. The rehabilitation strategy we describe is only valid
for patients with hypoplastic but confluent native PAs. Pa-
tients with discontinuous PAs were excluded from the pres-
ent study because their management is not based on RV-PA
connection followed by transcatheter rehabilitation. Al-
though a study22 reported that MAPCAs can coexist with
hypoplastic and discontinuous PAs in 30% of the cases,
such cases are less frequently encountered in our experi-
ence. We speculate this is because the patients referred to
us are managed early in life. By diagnostic cardiac catheter-
ization with exhaustive pulmonary vascular bed angiograms
(including pulmonary vein wedge angiograms), we almost
always documented confluent central PAs. We speculate
that many of the native PA discontinuities reported in other
studies are due to spontaneous occlusion of tiny central PAs
with time and hypoperfusion. During the study period, we
observed only 1 infant with hypoplastic discontinuous
PAs and MAPCAs and 1 patient with only MAPCAs and
no native PAs. Both patients underwent successful surgical
repair with unifocalization. They had a poor hemodynamic
result. One of them eventually died.CONCLUSIONS
For this difficult-to-treat group of patients, medicosurgi-
cal rehabilitation of the PAs with well-defined steps is suc-
cessful, allowing complete surgical repair with good
survival and functional status in the majority of the cases.
Rehabilitation of PAs has to continue after the surgical cor-
rection with further interventional catheterization or surgi-
cal reintervention.References
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